Abstract. This study examines primary mechanisms that gave rise to the basin-wide variations of the sea surface temperature (SST) in the Indian Ocean during the 1997-98 E1 Nifio by using multi-source data sets. The evolution of some key atmosphere-ocean variables indicated that the SST variability in the Indian Ocean was largely attributable to the ENSO impact on the large-scale atmospheric circulation. During June-December 1997, when the E1 Nifio in the Pacific was maturing, the Indian Ocean experienced the reversal of the Walker Circulation and the prolonged equatorward displacement of the southeast trades. The resultant changes in surface wind influenced the SST through the following means. In the equatorial region, the easterly winds associated with the reversed Walker Circulation forced equatorial Kelvin/Rossby waves, which then affected the equatorial ocean heat balance (mainly through upwelling/downwelling) and led to the reversal of the zonal SST gradient in the fall of 1997. The negative SST anomalies in the east and positive anomalies in the west in turn helped maintain and prolong the equatorial easterlies, a clear indication of coupled atmosphere-ocean interactions in operation. Outside of the equatorial waveguide, changes of latent heat flux induced by wind speed variations played a major role in the broad-scale warming. The effect was most significant during the summer/fall of 1997 when the southeasterly trade winds weakened considerably, leading to a dramatic reduction of latent heat release and subsequently a rapid surface warming in the southern ocean.
Introduction
Several statistical studies have indicated that the dominant mode of interannual variability in the Indian Ocean is closely related to ENSO [Cadet 1985 Figures l c,d) , appeared in the eastern basin. These anomalies were of sufficient magnitude to reverse the climatological east-west SST gradient in the equatorial region (Figures 2a,b) . As easterly anomalies weakened rapidly with the decay of the E1 Ni•o since late December 1997, the abnormal warming extended to the entire basin, with the maximum SST anomalies reaching more than 2øC in the west.
While the evolution of the atmosphere-ocean system in the equatorial Indian Ocean mirror-imaged the E1 Nifio condition in the equatorial Pacific, the changes in the extratropics were more complicated. These changes also took place mostly from June 1997 to May 1998. Our analyses in the following will be focused on this period. To characterize the basin-scale variations, we show in Figures 2a&c the monthly-averaged SST and surface wind fields in July, November 1997 and March 1998. For a better comparison, the corresponding climatological states for these three months are also presented (Figures 2b,d) The atmospheric circulation in the tropics is thermally driven: air converges to warm areas where convection takes place. The warmest water in the Indian Ocean is typically located in the equatorial and northern regions (Figure 2b ). During the boreal spring of 1997, the transition period to the southwest monsoon, the SST was abnormally warmer in these areas (not shown). The anomalous sea surface heating drove a greater convergence of surface winds toward these hot spots. As a result, the cross-equatorial wind components were enhanced, leading to intensified southwesterlies in the Arabian Sea during July-September 1997 (Figure 3) . Meanwhile, the southeast trades, which were undergoing seasonal equatorward migration, were displaced even closer to the equator than normal. This movement, along 3. Causes of the broad-scale surface warming (Figure 5b) with that of the FSU winds (Figure 3) shows that, on the broad scale, stronger (weaker) wind speed was mostly coincident with greater (weaker) latent heat release. The most notable discrepancy appeared in the southern Indian Ocean in January 1998. The band of positive heat flux anomaly extending across the basin seems to be directly related to the strong positive SST anomaly. The average pattern correlation between the anomalous latent heat flux and the anomalous SST tendency for the regions outside of the equatorial waveguide (10øS -10øN) and away from the coasts is 0.503 and is statistically significant at the 95% confidence level. Obviously, the broad-scale warming in the extratropical Indian Ocean was due primarily to the variations of latent flux, and ultimately to the changes of wind speed.
The large-scale variations in the surface wind were induced by ENSO. During June-December 1997, the southeast trades were displaced abnormally nearer to the equator and their northern edge actually crossed the equator into the northern hemisphere in November (Figure 2c ). This movement increased the wind speed in the equatorial region and reduced the wind speed over the vast area south of 10øS. 30E  60E  •vOE  1120E 30E  60E  90E  120E :•0E  60E  •3E  120E  30E  roe  •X)E  12•3E 30E  O0E  00E  I20E 3OE More direct observations will help to calibrate the NCEP reanalyses.
